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On the Anatomy and Physiology of the Tunicata. 

By Albany Hancock, P.L.S. 

[Read June 20, 1867.] 

Haying employed myself recently in the investigation of the 
Tunicata (their anatomical structure and physiology) with a view 
to a monograph of the British species, which my late lamented 
friend Mr. Alder and I had undertaken to prepare for the Bay 
Society, some very interesting anatomical facts have come to 
light; and I now propose to give a succinct account of the more 
important of these, believing that they cannot fail to be acceptable 
to those naturalists who may have studied these low but not by 
any means unattractive mollusks. I reserve, however, for some 
future occasion a more complete and detailed description. 

When I took up this subject, I had little expectation of meet¬ 
ing with much that was new; for perhaps in no other group of 
the -Molluscan subkingdom hast he anatomy been so frequently 
and so ably investigated as it has been in the Tunicaries ; and, 
indeed, in them, all the leading points appear to have been fully 
determined; but experience proves, nevertheless, that much of 
interest has been left unobserved, quite sufficient to reward the 
labour of reexamination, and seemingly ample enough to modify 
some of the more important morphological determinations. 

This unexpected result may, in part, be owing to the fact that, 
while my researches have been chiefly confined to the simple 
Ascidians, it is apparently to the compound, social, and pelagic 
forms that the greatest attention has been hitherto given. Thus 
it happens that numerous details have remained until now unno¬ 
ticed in the former group. 

There is something fresh to record in nearly all the visceral 
organs, but in none so much perhaps as in the vascular and 
respiratory systems. Before entering, however, on such new 
matter, it will be well to say a few words respecting the tunics, so 
characteristic of these animals. In all the various forms that 
have been examined, there is no great difficulty in determining 
the presence of three tunics, or envelopes—namely, the test or 
outer tunic, the mantle or inner tunic, and the lining membrane 
or inner tunic of Prof. Huxley. # The lining membrane and 
mantle are always, to a greater or less extent, adherent to each 

* This tunic was first pointed out by M. Milne-Edwards, in his work on the 
Ascidies composees, p. 54. 
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other, and have, except where there is an abdomen developed, all 
the viscera and the lacunary portion of the blood-system placed be¬ 
tween them. On the other hand, the mantle and test in Ascidia and 
Molgula are always free, except at the distal extremity of the respi¬ 
ratory tubes, where they are united; there is also an attachment 
at the point where the vascular trunks enter the test. But in the 
genus Stycla (Savigny’s third-tribe of Cynthia) the test is always 
more or less firmly attached to the mantle throughout, though at 
the respiratory orifices the adhesion is greatest. In all the 
species, however, that have been examined, with the exception of 
one (a small undescribed species), these two envelopes may be sepa¬ 
rated without much difficulty in specimens preserved in spirit. 
In the exceptional case alluded to, the mantle is exceedingly deli¬ 
cate ; and hence probably arises the difficulty of separating it 
from the test. In this genus, as well as in Ascidia and Molgula , 
blood-vessels pass from the body to the test. It is therefore 
likely that vessels will be found ramifying in the outer tunic in 
all the simple Ascidians. In Pelonaia the adhesion of the mantle 
and test is not by any means so remarkable as was originally 
supposed; and, indeed, in this form they are as easily divided as 
they usually are in Stycla. Also in Clavelina these two tunics 
are slightly adherent throughout, while in Saiga they appear to 
be as free as they are in Ascidia*. 

It should be mentioned that, in a living state, unless the 
mantle be violently contracted, there is no actual vacant space, 
or space filled with fluid, as has been asserted, between it and 
the test; even in those species which have these tunics compara¬ 
tively free the two surfaces lie in close contact. When the 
animal is , dead, however, and preserved in spirit, the body 
enclosed in the mantle does not by any means occupy the entire 
space within the test, but lies somewhat shrivelled, and fre¬ 
quently quite free, just as commonly happens with the animal of 
the Lamellibranchs under similar circumstances. 

The chief function of the test, like that of the shell in the 
higher mollusks, is no doubt to protect the comparatively soft 
and delicate portions of the animal that lie within it. But it 
will also act, by its resiliency, as a counterpoise to the muscular 
contractility of the mantle, which lines it as it were. In those 
species, such as Stycla tuherosa , in which the mantle and test are 
adherent throughout, this action is readily understood ; it is not, 

* I have examined only one species, namely S. spinom ; and the specimens 
were preserved in alcohol. 
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however, quite so obvious in the species which have these two 
tunics comparatively free, as they are universally in Ascidia and 
Molgnla. But we have just seen that, in such instances, the 
inner surface of the test, and the outer surface of the mantle, lie 
in close contact with each other. Now, as under all ordinary 
circumstances, the pressure of the water inside the mantle must 
be as great as that of the water resting against the outer surface 
of the test, and as no water can possibly eutcr between these two 
tunics, it is clear enough that they will be held together with no 
inconsiderable force. Thus, when the muscles of the mantle con¬ 
tract, diminishing the bulk of that organ, the test will be drawn 
in after it; and so soon as the muscles of the former relax, the 
latter, through the elasticity of its walls, will expand, and the 
mantle will be constrained to do so likewise. 

The most interesting matter that I have to communicate re¬ 
specting the digestive system relates to the biliary apparatus. 
A remark or two, however, may be made, in the first place, upon 
the alimentary canal, which, in all the species that have come 
under my inspection, makes its first bend towards the dorsal 
region, assuming that to be the dorsal aspect where the endostyle 
is placed. The intestine then usually ascends and crosses over (in 
a more or less undulatory course, sometimes forming one or two 
loops) to the opposite or ventral side, where it again ascends to reach 
the cloaca, into which, in the Ascidians, it invariably opens. The 
walls, from one end of the organ to the other, are particularly firm, 
and do not collapse even in preserved specimens. The lower portion 
of the intestine is the most delicate ; but even here the wall rarely 
shrinks. The stomach is well marked, though it is never very 
bulky, and is usually lined with a stout mucous membrane, which 
is frequently plaited or wrinkled, sometimes in a symmetrical 
manner, the plaits extending into the oesophagus on the one 
hand, and into the intestine on the other. In the latter organ 
this membrane is thrown up so as to form a very conspicuous 
groove, which extends from the stomach to that portion of the 
intestine which may be termed the rectum. In Stycla tuberosa, 
and some other species, however, this groove extends the whole 
length of the intestine. 

The food of the Tunicaries is extracted from sedimentary 
matters; there is no power of selection in the first instance; 
those particles which can be, are digested; the others, chiefly 
composed of sand and mud, are rejected in the usual manner. 
This sedimentary aliment is sifted from the water in the respi- 
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ratory sac, by the aid of the branchial network, and is then 
carried across the organ by the action of cilia; but no definite 
arrangement of the particles takes place until they arrive at the 
oral or ventral lamina, where they are formed into a cord of some 
tenacity, apparently through the agency of mucus, and are carried 
thus moulded along this lamina to the oral orifice, and so swal¬ 
lowed. This alimentary cord is conducted through the digestive 
tube, and is rejected in the same form by the anus and excur¬ 
rent tube. The cord-like fasces may frequently be seen through 
the wall in the lower portion of the intestine, having very much the 
appearance of a convoluted tube lying within the canal. In some 
of the lower forms, however, it is broken up into elongated 
pellets. 

All this is very similar to what takes place in connexion with 
the alimentation in the Lamellibranchs ; but in them the lateral 
currents of particles are as well defined as the main or central 
ones. 

Molgula and Savigny’s first and second tribes of his genus 
Cynthia appear to be the only forms among the simple Tunicates 
that have hitherto been described, as possessing a well-developed 
liver. This organ is always sufficiently distinct in these groups, 
and usually presents a laminated structure, but is occasionally 
composed of tubular tufts or lobes, the colour being generally of 
a dark olive-green. I find, however, a true hepatic organ in all 
the other genera examined (namely Ascidia , Stycla , JBelonaia , 
Clavelina , and Perophord ), quite distinct from that gland-like sub¬ 
stance coating the alimentary tube in the first of these forms, 
and which has occasionally been considered to subserve the he¬ 
patic function. 

This substance is of a very peculiar character, and it is difficult 
to say what its office really is. In all the Ascidice it forms a 
pretty thick coating oyer the stomach and intestine, and is com¬ 
posed of comparatively large globular vesicles, with thin reticu¬ 
lated walls, each having a large, opaque, simple, or compound 
nucleus on one side. These vesicles have no communication with 
each other, though they lie in contact and are cemented together ; 
nor are they connected with any duct, or in any way open into 
the alimentary tube. Blood-channels are hollowed out, as it 
were, amidst the vesicles ; and the reproductive organs ramify 
throughout the agglomerated mass which overlies, for the most 
part, the true hepatic organ. These vesicles will therefore act as 
a sort of packing to the parts of these organs, and will give sup- 
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port and protection to them, whatever higher function they may 
have to perform. They may likewise assist the heart in the perform¬ 
ance of its work by their resiliency when the mass is gorged 
with blood ; for it is evident that, when the interstices or blood- 
channels are filled, the vesicles will be more or less collapsed in 
proportion to the pressure of the blood-current; and when the 
latter changes its direction the reaction will be assisted b j r their 
expansion. In our present state of knowledge, however, nothing 
positive can be said of the uses of this very curious structure. 

The true hepatic organ, as already intimated, lies beneath this 
vesicular mass, and forms a thin coating on the surface of the 
intestine. In all the examples observed it is composed of delicate 
tubes, which divide dichotomously, but frequently without much 
regularity. At the points where the branches are given off, the 
tubes are usually enlarged, and the twigs terminate in rounded 
extremities more or less inflated. The ultimate divisions of the 
organ are so minute that they can only be observed by the aid of 
the microscope after a portion of the intestinal tube has been 
removed, laid open, and deprived of the mucous membrane, so as 
to render the tissue as transparent as possible. 

In Ascidia mentula the dichotomous division of the tube is 
very obvious, and the enlargements or ampullae at the junction of 
the branches are greater than usual, and they assume a triangular 
form; also oval enlargements frequently occur along the branches, 
which latter uniting go to form two long slender ducts that 
pass backwards within the loop of the intestine, buried amidst 
the vesicular substance already described, and at length open 
through the left wall of the stomach, about midway between the 
cardia and pylorus, towards the anterior margin. These two 
ducts come from the middle portion of the intestine; another 
duct, passing from the lower part of the intestinal tube, unites 
with one of those first mentioned, just before it sinks into the 
wall of the stomach. All the three ducts are exceedingly slender ; 
and for their detection it is necessary to dissect carefully the 
vesicular matter within which they lie buried: when thus ex¬ 
posed their white walls can easily be traced, with the aid of a 
good lens, running amidst the comparatively dark surrounding 
tissue. 

In Ascidia sordida and A . scabra the arrangement of the parts 
of the hepatic organ is similar to that in the above species ; but 
in A. parallelogramma the minute structure is considerably mo¬ 
dified. In this species there is a minute network of anasto- 
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mosing tubes spread over the intestine, the tubes being divided 
into systems by the interruption of the anastomoses along certain 
lines where the twigs end in blind sacs, which are occasionally a 
little enlarged and rounded. The main branches leading from 
the network exhibit a tendency to divide dichotomously, and 
unite to form two slender ducts, which pass at once from the 
intestine to the left side and close to the posterior margin of tlie 
stomach, into which they pour the biliary secretion a little in 
advance of the pylorus. 

In JPelonaia there is only one hepatic duct, which is very 
slender, and passes in a fold of the lining membrane or “ inner 
tunic ” of Huxley, that extends from the intestine to the right 
side of the stomach, a little way in advance of the pylorus. 
Before terminating, it receives a twig or two from the surface of 
the stomach ; so that in this genus the liver is apparently not 
confined to the intestine, but is also spread over a portion of the 
stomach. The ultimate twigs divide dichotomously with consi¬ 
derable regularity, and terminate in round or ovate vesicles, which 
are very numerous and form a distinct, opaque, yellowish layer. 

The liver in Stycla is not more conspicuous than it is in 
x Ascidia . It is well developed nevertheless, and is provided with 
its secreting vesicles and ducts. In S. tuberosa , and, indeed, in 
all the members of this genus that have come under my observa¬ 
tion, there is a fold of the lining membrane within the loop of 
the alimentary tube, which passes between the stomach and intes¬ 
tine. This fold is united to the pyloric end of the stomach, 
where there is a csecal prolongation of that organ.. The hepatic 
ducts lie within this fold; and before they reach the stomach, in 
this species, they unite to form a simple, slender duct, which 
opens into the left side of the caecum. The branches of the 
ducts ramify dichotomously over the lower portion of the intes¬ 
tine, and communicate with comparatively large rounded vesicles, 
arranged like those in Pelonaia. 

In Clavelina there is only one hepatic duct, which passes from 
the middle portion of the intestine, and opens into the alimentary 
tube immediately below the rounded stomach. The branches of 
the duct ramify over the intestine, dividing dichotomously, and 
ending in comparatively large, oval vesicles. Exactly the same 
form of organ is observed in Perophora ; but in this genus the 
duct opens through the right wall of the stomach, near the 
pylorus. The hepatic organ in this interesting form was undoubt¬ 
edly noticed by Dr. Lister; for he figures and describes, in his 
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well-known memoir in the * Philosophical Transactions’“ trans¬ 
parent vessels” ramifying over the intestine; but he does not 
appear to have observed the terminal vesicles, and the termina¬ 
tion of the duct in the stomach, or he scarcely could have sup¬ 
posed, as he did, that the vessels he described were lacteals. 

With this exception, this peculiar form of the hepatic organ 
seems entirely to have escaped notice until A. Krohn gave a 
very good description of a similar structure in a paper “ On the 
Development of the Ascidians,” published in Muller’s Archiv, 
1852-53 f. The species examined by this naturalist was Ascidia 
mamillata ; and although he appears to have traced with great 
accuracy the development of the organ, he seems to have failed 
in detecting the duct in the adult animal. Prom the general 
characters, however, obtained by his examination of the young 
and adult combined, he is disposed to conclude that the “ secre¬ 
tion prepared in the cseca must be accessory to digestion; but 
whether or not the watery secretion is bile, and the gland there¬ 
fore a liver,” he concludes, “ must for the present be left unde¬ 
cided.” Nevertheless, after the above description of the numerous 
modifications of the organ, and particularly when the position of 
the duct in relation to the alimentary tube is taken into account, 
few physiologists w T ill be inclined to doubt that this organ is a 
true liver, though low and rudimentary in structure. 

The reproductive organs are well developed in the Tunicates ; 
and in all of them the two sexes are combined in the same in¬ 
dividual, though the male and female elements are always 
secreted by distinct organs, which, however, frequently compose 
one or more compound masses that have the parts so intimately 
united that careful examination is required to detect them ; hence 
in several of the Cynthiadce the testis has been entirely over¬ 
looked : the oviduct and vas deferens are likewise constantly 
distinct. 

In Ascidia sordida , the ovary is composed of numerous tubular 
branches, which ramify in a radiating manner over the left side 
of the looped portion of the intestine. The oviduct passes 

* “ Some Observations on the Structure and Functions of Tubular and Cel¬ 
lular Polypi and of Ascidise, 5 * Phil. Trans. 1834, p. 380. 

t See * Scientific Memoirs, 5 edited by Henfrey and Huxley, p. 328. Before 
I was aware of the discovery by Krohn, I had worked out the details of the 
hepatic organ in the genera mentioned in the text; it was therefore highly 
satisfactory to find his description of this organ in A. mamillata agree so 
closely with my observations, particularly in A. mentula . 
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through the loop, and, following the curvature of the intestine, 
opens by the side of the anus into the cloaca. The vas deferens 
terminates near to the same point, and is adherent to the oviduct 
throughout its course. In the vicinity of the ovary it receives 
several much attenuated branches from either side of the intes¬ 
tine ; these divide dichotomously, the ultimate twigs terminating 
in elongated and irregularly lobulated vesicles, which are spread 
over the intestinal tube, and which also exhibit a tendency to 
dichotomous division: these vesicles secrete the male element. 

In A. sccibra , A. qffinis , A. mentula , and A. venosci the same 
arrangement of the reproductive - organs is apparent; but the 
ovary in A. mentula is a lobulated organ, and, lying within the 
loop of the intestine, is seen at both sides of the alimentary tube, 
and consequently has the appearance of being double; and in 
A. venosa, the male vesicles are exceedingly minute and are very 
numerous. In A. parallelogramma the genitalia have much the 
same disposition; the ovary, however, which is branched and 
lobulated, is spread out.on both sides of the alimentary tube—as 
is likewise the male organ, the secerning vesicles of which are 
clustered into dendritic systems. 

These organs, however, are modified to a much greater extent 
in the Cynthiadce —in many of which it is not easy to determine 
the parts, on account of their intimate union ; and very careful 
examination is requisite in these cases. In Stycla tuberosa the 
so-called ovaries are very numerous, and are studded over the inner 
surface of the mantle, on both the right and left side of the body, 
causing the lining membrane to bulge out. When fully developed 
they form protuberant, ovate, orange-coloured masses, each having 
at the attenuated extremity a projecting nipple-like papilla. 
This is the oviduct, leading out of the ovarian mass or ovigerous 
sac; for each mass is really a sac, in the walls of which the ova 
are developed. And firmly attached around the base of these 
sacs is a series of pale oval vesicles, which are sunk in the sub¬ 
stance of the mantle, and which form for each sac a sort of cup 
within which it rests. These vesicles are the male secreting 
organs, and their ducts, extremely delicate tubes, pass upwards 
over the surface of the sac, and go to join, on the median line, a 
slender vas deferens , which, passing forward, terminates at the 
extremity of the short nipple-like oviduct above described. Thus 
it is seen that the so-called-ovarian mass is a compound organ, 
combining both the male and female parts, each with its proper 
secreting organ and duct. There are therefore as many oviducts 
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and outlets for tlie male secretion as there are compound repro¬ 
ductive masses ; and the eggs must he shed everywhere into the 
space between the branchial sac and the wall of the respiratory 
chamber, and afterwards carried by the atrial currents to the 
cloaca, and so pass out, as usual, by the excurrent tube. 

These reproductive masses should not be confounded with other 
very similarly formed bodies that everywhere stud the mantle, 
and fill up, to a considerable extent, the spaces between the 
former. These latter bodies are most frequently pedunculate, 
and are sometimes as large as the reproductive masses, from 
which they chiefly differ in colour, being pale, somewhat pel¬ 
lucid, and almost homogeneous in structure. They do not seem 
to have any high functional import, their office apparently being 
to form, along with the generative bodies, a sort of pad or level 
surface for the support of the branchial sac, which otherwise 
might suffer from the inequality produced by the genitalia. These 
peculiar organs are found in all the Cynthiadce that have been 
examined, including Pelonaio , in all of which the reproductive 
organs project boldly from the surface of the mantle. 

This arrangement of the reproductive organs also occurs in 
Stycla mamillaris, and in two undescribed species of the genus, 
recently obtained by the Rev. A. M. Norman at Guernsey. In 
Thylacium aggregation the same disposition of these parts is also 
found to exist. 

In Cynthia ovata, an undescribed species allied to C. squamu- 
losa , we have a very remarkable modification of these organs. 
Here there are only two generative masses—one placed immedi¬ 
ately above the alimentary tube, the other within the intestinal 
loop. They are elongated and fusiform, each being composed of 
a double parallel series of squarish nodules, in which both ovary 
and testis are combined. Each mass has its own proper oviduct, 
and ms deferens, which pass forward, united, between the series 
of nodules, and, extending a little way in advance of the organ, 
open into the cloaca near to the anal orifice. 

But perhaps the most interesting variety of this apparatus 
occurs in Pelonaia , in which there are two elongated tubular 
ovaries, each being bent so as to form a wide loop; they are at¬ 
tached throughout to the mantle, and bulge out the lining mem¬ 
brane ; one is on the right, the other on the left of the branchial 
sac in front of the greater portion of the alimentary tube. The 
oviducts advance a short way beyond the ovaries, and open into 
the cloaca, one on each side of the intestine, but considerably in 
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advance of the anal orifice. The testis is composed of numerous 
elongated, simple or lobed vesicles, which are placed with one 
end in contact with the sides of the ovaries, and are arranged in 
parallel order at right angles to them, fringing both sides of these 
organs from end to end. From the proximate extremities of the 
vesicles extremely delicate ducts pass across the surface of the 
ovary, to which they are attached, and go to join the vas deferens 
that extends along the middle line from end to end of each 
ovigerous organ, and, advancing along the oviduct, terminates at 
the extremity of that tube. 

I have not met with this peculiar arrangement of the genitalia 
in any other species, though, after all, it is but, as it were, an 
amplification of that which we have seen to exist in the compound 
genital masses in Stycla tuberosct and its immediate allies. If 
one of these masses were greatly elongated, so as to become tubu¬ 
lar, and if the male vesicles were increased in number, their lower 
extremities pulled from beneath the ovigerous sac, and stretched 
out on the mantle, we should have something very similar to that 
which subsists in Pelonciia . 

Another modification of these organs occurs in Stycla varia - 
bills, an undescribed species related to Cynthia Canopus , Savigny. 
In this the ovaries assume the form of distinct, wide, slightly 
undulated tubes, of which there are two on the right and two on 
the left side of the mantle, each having its own short nipple-like 
oviduct, which opens into the cloaca, there being two on each 
side of the anus. The testis is composed of numerous irregularly 
lobulated vesicles scattered over the lower portion of the mantle, 
in the vicinity of the posterior extremities of the ovaries, but with 
which they have no connexion, each separate vesicle having its 
own short nipple-like duct or vas deferens. 

The reproductive organs do not exhibit any great diversity in 
the genus Molgula , the ovary and its testis being always com¬ 
bined, and forming one or two elongated masses, in which, how¬ 
ever, the two component elements can always be detected by the 
aid of their colour and structure. The testis is composed of a 
vast number of branched vesicles or csecal tubules, crowded to¬ 
gether and sometimes assuming a dendritic appearance, while the 
ovary seems to be a lobulated sac, usually well filled with eggs. 

In J\£. conchilega there are two such masses, placed transversely, 
which are generally irregular in form, but sometimes are broadly 
fusiform, and a little arched. That on the right side of the 
mantle lies upon the upper border of the intestine; the other 
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occupies the centre of the left side of this tunic. The oviducts 
are two short tubes ; they pass out of the ventral or anterior 
extremity of the mass, and open into the cloaca on each side of 
the intestine. There are four or five long nipple-like sperm-out¬ 
lets, situated at a little distance from each, other along the body 
of the organ. These open directly into the atrial space on either 
side of the branchial sac. 

A similar arrangement of the genitalia, with numerous short 
deferent canals, has been described by Yan Beneden, in his 
Ascidici ampulloides # , which is, there can be little doubt, a Mol - 
gula . There are two similar genital masses in M. simplex ; but 
they are comparatively slender, and are pretty regularly fusiform • 
they are situated exactly in the same way as those in the former 
species; but that on the right side is overlapped by the looped 
portion of the intestine. 

In an undescribed species obtained by the Rev. A. M. Norman 
in Guernsey, the genital masses are ovate, and are placed as 
usual, but differ from those of all other species in having the 
oviducts passing from their dorsal extremities, and consequently 
turned towards the endostyle instead of being directed to the 
cloaca. The products of these organs are consequently thrown 
into the dorsal portion of the atrium, far from the cloaca. 

There is only one reproductive mass in M. arenosa ; it is larger 
than usual, is of irregular form, and belongs to the right side of 
the mantle, but overlies to a considerable extent the alimentary 
tube. The oviduct, as usual, opens into the cloaca; but the vas 
deferens has not yetr been observed, though the male secreting 
organ is distinctly visible, forming a considerable part of the 
mass. 

In Clavelina lepadiformis, one of the Social Ascidians, the geni¬ 
talia are placed in the loop of the intestine, near to the lower 
extremity of the abdomen, the ovary lying oil the right of the 
alimentary tube, the testis being spread over both sides of it. 
The former resembles a bunch of grapes in which the berries are 
of various sizes; and the oviduct, like the stem of the fruit, is seen 
in the midst of the ova; and I believe I have traced it passing 
up the abdomen in the direction of the cloaca, but did not suc¬ 
ceed in determining its outlet. M. Milne-Edwards, in his well- 
known work on the “ Ascidies composees”t, states that he could 

* “ Recherches siir l’Embryogenie, l’Anatomie, et la Pkysiologie des Ascidies 
Simples,” M&noires de l’Academie Royale de Belgique, t. xx., 1847. 

f ‘ Observations sur les Ascidies composees des cotes de la Mancke,’ p. 22. 
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not discover how the eggs passed from the ovary to the neigh¬ 
bourhood of the branchial sac, and suggests the possibility of the 
vas deferens acting also in the capacity of an oviduct. This, how¬ 
ever, is exceedingly improbable ; and, from what I have seen, there 
can be little doubt of the presence of a true oviduct, although I 
do not consider my observation a sufficient demonstration of the 
fact. But there can be no mistake as to the existence of a vas 
deferens ; this tube is sufficiently conspicuous ; passing up by the 
side of the alimentary canal, it penetrates the lower wall of the 
cloaca, and terminates by the side of the anal outlet. The testis 
is a much-branched organ ; the branches are extremely fine, and, 
dividing dichotomously, terminate in numerous elongated fusi¬ 
form vesicles, which are united in pairs ; or, in other words, the 
ultimate twigs may be said to bifurcate, each branch being im¬ 
mediately enlarged, so as to form an elongated csecal vesicle. 

The blood-system in the Tunicata is perhaps the most difficult 
branch in the anatomy to investigate ; for these animals are gene¬ 
rally too minute and delicate to be successfully injected, and it is 
not easy to obtain living specimens sufficiently transparent to 
permit of the blood-current being traced through the tissues. 
Nevertheless much good service has been done in this way by 
M. Milne-Edwards and others ; but perhaps no one has done 
more by this method than Dr. Lister, who had the good fortune to 
meet with a species in every respect suited to the purpose. So 
far as I have been able to ascertain, the blood-system has been 
as fully, if not more fully, determined in Perophora than in any 
other Tunicate. It is therefore satisfactory to find that my 
results perfectly agree with those obtained by Dr. Lister, so far 
as they go *. This is particularly gratifying, as the mode of inves¬ 
tigation adopted by me is very different from that followed by 
this distinguished anatomist; and, moreover, Perophora is one of 
the Social, while the species used by me are'all Simple Ascidians. 

I have relied almost entirely on dissection, aided by the accu¬ 
mulation of blood-corpuscles in the various parts of the system. 
In this way the minutest ramifications can be traced with the 
greatest precision. A vast number of specimens, however, are 
required ; for many individuals may be cut up before one is met 
with in a proper state. Large specimens, too, are necessary ; and 
they must have the tissues sufficiently transparent, and the blood- 
globules opake or coloured; in such only can the blood-channels 
be distinctly traced. And when the specimens are even in the 
* Philosophical Transactions, 1834, p. 375. 
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best condition, many may be opened before the blood-globnles are 
found lodged in tbe part of tlie system requiring elucidation. This 
-method is consequently very laborious ; but the results are satis¬ 
factory ; for in such natural injections there is very little danger 
of being deceived by the blood having extravasated from its 
natural channels. 

Ascidia mentula and A. venosa are good species for this pur¬ 
pose; but the one that appears the best-adapted to this mode of 
investigation is an undescribed species closely allied to the former. 
In this the blood-globules are of a brownish colour and very nu¬ 
merous ; so that it sometimes happens that in this animal large 
portions of the blood-system can be traced in a single individual. 
Most of the information, on this portion of the anatomy, has been 
obtained from these three species; but nevertheless several im¬ 
portant points have been verified in the living animal. 

The blood-system in the simple Tunicates may be looked upon 
as closed, how limited soever the true vascular portion of it may 
be. The blood-channels throughout the organism are well de¬ 
fined ; but whether or not they are provided with proper walls, 
and, if so, to what extent, is not easy to determine. The trunk 
channels leading to and from the heart have certainly all the ap¬ 
pearance of being true vessels ; and the branchial network has 
likewise the character of being truly vascular. The blood-channels 
in the test have also distinct walls; but in this case they are ap¬ 
parently composed of a prolongation of the mantle or inner tunic. 
Traces, however, of an inner vessel may be observed, in the main 
trunks ; but this apparent vessel may be nothing more than a 
continuation of the lining membrane or “ inner tunic 55 of Huxley. 
In fact, the so-called vascular ramifications of the test, however 
minute and divided, ought perhaps to be regarded as prolonga¬ 
tions of the pallial cavity, although it is quite possible that they 
carry true vessels ; and, indeed, from the way they are connected 
with the heart, this would seem almost probable. 

The heart is tubular, and is of considerable length. In Ascidia 
it is attached to the lower border of the stomach, one end extend¬ 
ing some way up the dorsal region towards the intestinal tube 
this may be called the dorsal extremity; the other, the ventral 
end, points in the direction of the oesophagus. It lies between 
the mantle and the lining membrane, within a distinct chamber or 
pericardium, along one side of which it is attached from end to 
end. The chamber seems as if formed by a fold of the lining 
membrane; -and the heart is probably coated with it in the 
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manner of a peritoneum, and is so attached to the wall of the 
chamber. 

A large trunk vessel passes from the dorsal extremity of the 
heart, and immediately divides into three branches, one of which 
advances between the mantle and the lining membrane along the 
dorsal region at the back of the endostyle; another passes in the 
opposite direction down the dorsal margin to the bottom of the 
branchial sac. These two form the great dorsal branchial channel, 
and are equivalent to the ventral or thoracic sinus of Milne-Ed- 
wards; and they both communicate with the dorsal extremities 
of the transverse channels of the branchial sac. The third branch 
turns off at right angles to this great dorsal channel, close to the 
point where it is united to the heart, and, in company with another 
vessel, to be shortly described, penetrates the mantle and goes to 
ramify in the test. 

From the other or ventral extremity of the heart there are two 
large trunk vessels given off, one to each side of the stomach. 
These ramify over the digestive organs, and supply a minute net¬ 
work spread over both sides of the visceral mass ; this network 
may be termed the visceral plexus. It is in direct communica¬ 
tion with a similar plexus of blood-channels or sinuses that lies 
between the mantle and the lining membrane of the right side;- 
and this latter is continuous with another plexus similarly 
situated in the left side of the mantle ; these together form what 
we shall call the pallial plexus. The trunk branch that supplies 
the left side of the stomach and the portion of the visceral plexus 
there situated divides into two large stems, one of which inclines 
towards the intestine, the other towards the oesophagus; the 
former passes for some little distance along the intestinal tube, 
and then, leaving it, penetrates the mantle in the dorsal region, 
and goes associated with the third branch from the dorsal extre¬ 
mity of the heart, already described, to ramify in the test. Thus 
originates the double vessel that carries the nourishing fluid to 
and from that envelope or tunic. The stem that goes towards the 
oesophagus passes along by the side of the lower extremity of the 
intestine, and, just before reaching the anus, turns aside to join a 
large vessel that extends along the ventral margin from one end 
to the other of the branchial sac. This, which is the great ven¬ 
tral branchial channel, is the dorsal sinus of Milne-Edwards. It 
communicates with the ventral extremities of the transverse 
branchial channels; and its lower extremity bifurcates, a branch 
passing on each side of the mantle. 
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The two great branchial channels, the dorsal and ventral, com¬ 
municate with each other, as we have already seen, by the nume¬ 
rous transverse channels of the branchial sac; they likewise in¬ 
tercommunicate above through a sufficiently obvious channel that 
encircles the entrance of the sac, immediately above the vascular 
network, and just below the anterior cord, afterwards described ; 
the lower extremities also appear to communicate with each other 
by a much-constricted channel. Thus the circle of the blood-ap¬ 
paratus would seem at first sight to be complete ; and as the oppo¬ 
site ends of the heart operate upon the two great branchial chan¬ 
nels respectively, and as the blood oscillates first in one direction 
and then in the other, we might look upon the mechanism as suf¬ 
ficiently perfect for all the purposes of the circulation. 

But something is still wanting, as is evident when we refer to 
the fact that the influence of the heart is chiefly confined to the 
branchial organ, the visceral plexus, and the vascular system of the 
test. The pallial plexus of the right side is certainly in connexion, 
as we have seen, with the visceral plexus of that side; but, so far 
as our examination extends, the plexus of the left side of the 
mantle is connected with the general system through the minute 
network of the pallial plexus only. It is obvious that the blood- 
current would be feeble in these parts, if the whole of the mecha¬ 
nism is now before us. And, moreover, it would be most languid 
in the left pallial plexus—in that very portion of the mantle, in 
fact, that is most amply supplied with muscular fibres, and which, 
being comparatively free, has undoubtedly the greatest mobility. 
Indeed, unless some additional means exist to aid the circulation, 
engorgement of the blood-channels must inevitably take place in 
the pallial plexus when the heart pulsates in the direction of the vis¬ 
cera ; and when its action is reversed, exhaustion would ensue in 
this portion of the system. 

Now, though the branchial sac is attached to the walls of the 
pallial chamber in front and behind and along by the dorsal mar¬ 
gin, it is necessary that the lateral or reticulated portions of the 
organ should be suspended, and in such a manner as to leave a 
considerable space between the sac and the pallial walls. Conse¬ 
quently a number of suspenders are provided, which, while they 
retain the branchial sac in its proper position, allow the required 
space. These suspenders are in the form of cylindrical bands or 
ties, and are contractile; they pass from the transverse branchial 
channels and from the great ventral channel to the walls of the 
pallial or respiratory chamber; they are hollow or tubular, and 
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are the means of communication between these blood-channels 
and the pallial plexus of both sides, and also with the visceral 
plexus of the left side. Thus the blood-currents in every part of 
of the organism are brought under the influence of the heart. 
One of the suspenders, larger than the rest, connected with the 
ventral branchial channel, opens into a considerable channel or 
sinus in the mantle in which the nervous ganglion is placed; 
and the vessel which carries the blood from the heart to 
the great branchial channel has also much the character of a sus¬ 
pender. 

There can be no doubt whatever of the fact that the branchial 
suspenders are tubular, and that they carry the blood, as above 
stated, from the branchial network to the visceral and pallial 
plexuses. I have seen in several instances the channels in the 
suspenders gorged with blood-corpuscles, as well as the channels 
connected with them in the pallial and visceral plexuses, and the 
transverse channels of the gill-sac; and thus by sucli natural in¬ 
jections the fact has been demonstrated over and over again. 
And, moreover, I have witnessed blood-corpuscles pass through 
the channels in the suspenders in young living individuals of 
Ascidia sordida. 

When the heart acts in the direction of the dorsal extremity, 
the blood will at once be thrown into the dorsal branchial channel, 
and will pass by the dorsal trunk of the compound vessel into the 
test; all the transverse channels of the branchial sac will be filled; 
and through the agency of the suspending tubules or vessels the 
pallial plexuses of both sides of the mantle, as well as the visceral 
plexus of the left side, will be supplied in all directions ; while that 
portion of the blood-current that is retained in the vascular reti r 
culation of the branchia will be hurried into the great ventral 
channel, and by this to the ventral extremity of the heart. But 
before it reaches so far it will be joined by the streams derived 
from the visceral plexuses of both sides of the body, and in this 
way with that from the pallial plexus, chiefly, of the right side. 
The greater portion of the blood from the left side of the mantle 
will reach the heart by the ventral branchial channel, having been 
brought hither by the suspenders. The blood thus returned will 
likewise have commingled with it that which is drained from the 
vascular system of the test by the ventral trunk of that system. 
It is thus apparent that the blood which arrives at the heart in 
this direction is only a partially aerated current. 

When the action of the heart is turned in the opposite direction, 
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just the reverse of all this takes place. The blood-current will 
now fill, in the first instance, the visceral plexuses of both sides, 
then the right pallial plexus; at the same time it will reach the 
great ventral channel of the branchial sac, and through it the trans¬ 
verse branchial channels ; while simultaneously the blood will be 
pushed into the left pallial plexus through the suspenders placed 
along the ventral channel. The blood that now enters the vessels 
of the branchial sac will be joined by numerous streamlets issuing 
from the suspenders, and brought by them out of the visceral and 
pallial plexuses, and will ultimately arrive in the great dorsal 
channel, and so to the dorsal extremity of the heart, at which 
point it will be mingled with the current from the test brought by 
the dorsal branch of the compound vessel ramifying in that tunic 
—the trunk, in fact, that in the first instance carried the blood to 
the test. Here, then, as well as in the former case, the current 
returned to the heart is only in part aerated ; but the aeration is 
undoubtedly more complete when the stream sets in this direction 
than in the other; for now the only unaerated portion is that from 
the test, while in the first case the blood from the visceral and 
pallial plexuses is likewise in a partially aerated condition. 

The pulsations of the heart appear to vary considerably in 
number even in the same individual; and the numbers of the oscil¬ 
lations in the same direction seem never exactly to agree ; neither 
is there any constancy as to whether the dorsal or the ventral oscil¬ 
lation has the greater number. In a young individual of Ascidia 
sordida , in which the movements of the heart were carefully ob¬ 
served, the pulsations were counted four times in each direction, 
and the following was the result. On the first occasion there 
were 73 beats in the ventral direction, 70 in the dorsal; on the 
second, 64 ventral, 68 dorsal; on the third, 74 ventral, 88 dorsal; 
and ou the fourth, 63 ventral, and 64 dorsal. It required 2| 
minutes to accomplish the beats during a single oscillation. In 
another individual of the same species, considerably larger than 
the former, but still quite immature, there were 138 pulsations 
in one direction, and 120 in the other. Two or three of the con¬ 
cluding beats of each oscillation were not so vigorous as the rest; 
and when the action was about to change, a dead pause ensued of 
about two seconds. 

In Bolyclinum aurantium the pulsations were found to be 112 
in one direction and 115 in the other; and on starting, the beats 
were slow. They afterwards became rather rapid, and before 
ceasing were again retarded ; the action then stopped for a second 
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or two before recommencing in the opposite direction. The pul¬ 
sations in Botrylloides radiata are nearly as numerous as they are 
in the last species. In one individual 102 beats were counted in 
the one direction, and 115 in the other. 

The above account of the circulation will be found to agree with 
Dr. Lister’s description of it in Berophora , so far as it was deter¬ 
mined in that form; but that excellent observer did not detect 
the flow of the blood through the suspenders, although “ fila¬ 
ments” attaching the branchial sac to the mantle are described 
and figured by him. Their function as blood-carriers seems equally 
to have escaped detection by Yan Beneden, though he must have 
been aware of their existence as bands or ties; for they were 
figured by Savigny*, who described them as ligaments attaching 
the branchia to the inner tunic, and they are well known to ana¬ 
tomists generally. Yan Beneden, however, discovered the neces¬ 
sity of a passage for the blood-current from the “ peri intestinal 
cavity ” to the branchia to prevent engorgement when the pulsa¬ 
tions of the heart were continued for any length of time in one 
direction. He therefore believed that the required communication 
was effected through the agency of the “respiratory tentacles ”t* 

It will now, however, be of no avail to discuss the improbability 
of such an opinion, since ample communications have been demon¬ 
strated. But it may be remarked that these tentacles are un¬ 
doubtedly hollow, and that in each there is a double channel, that 
the blood will assuredly pass up one of them and down the other, 
and that it will oscillate in unison with the movements of the 
heart. In fact, Yan Beneden states that he has seen it do so. I 
have observed nothing to warrant the belief that either of the 
channels is in immediate communication with the vascular net¬ 
work of the branchial sac. On the contrary, they both seem to 
me to open into the pallial plexus, which of course is continued 
into the wall of the inhalant tube. 

The blood-system does not appear to vary much in the Tunicata: 
though certainly I have not traced it in the other genera so com¬ 
pletely as in Ascidia, yet enough has been seen to warrant the 
above assertion. The heart is very similar throughout all the va¬ 
rious forms examined; but its position is not by any means con¬ 
stant. In Ascidia parallelogramma it is placed on the anterior 
margin of the stomach, and in connexion with the left side of the 
mantle or inner tunic, following the removal, in this instance, of 

* M6moires sur les Animaux sans Yert^bres, pt. ii. 

t Op. cit. p. 113. 
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the visceral mass from the right to the left side. In A . intesti - 
nalis, in which there is developed an abdominal chamber, it is 
doubled upon itself, and lies in this chamber towards the dorsal mar¬ 
gin and between the stomach and the bottom of the branchial sac. 
The heart in Stycla is very long, and narrower than usual; in this 
form it lies between the inner tunic and lining membrane on the 
left, and a little way from the posterior extremity of the mantle, 
following the curvature of, but at some little distance from, the ali¬ 
mentary tube. The posterior extremity opens into the dorsal 
branchial channel a considerable way up the endoslyle; the ven¬ 
tral extremity is attached to the stomach, to either side of which 
it gives a branch in the usual manner. In JPelonaia the heart is 
likewise in connexion with the left side of the mantle, and in other 
respects resembles the arrangement in Stycla. And in Molgula 
it holds much the same situation—but is placed between the re¬ 
productive mass which is above it, and a hollow cylindrical body 
with hard walls, the nature of which is not understood. 

The branchial sac is usually more complicated than is generally 
supposed. Hitherto its mechanism has been spoken of in this 
communication only so far as was necessary to the full compre¬ 
hension of the blood-system; it is now time to say something re¬ 
specting its more minute structure. In all the Tunicates there 
must of necessity be present the two great branchial or thoracic 
channels (the dorsal in connexion with the endostyle, and the 
ventral at the opposite side of the thorax), even when the bran¬ 
chial sac is only partially or not at all developed; and in every 
instance where a true gill is present, the transverse channels or 
primary vessels must also exist. These latter may be considered 
the essential or elementary parts of the respiratory organ; the 
minute details, consisting of secondary vessels, are variable, even 
in very closely allied species, and are not always present. 

The simplest form of the organ that occurs in the genus 
Ascidia is found in A. venosa. In this species the transverse or 
primary vessels, or channels, are placed at regular intervals, and 
scarcely vary at all in size ; and between and opening into them 
at right angles are numerous small, longitudinal, secondary vessels 
divided by elongated spaces or stigmata; so that the whole forms 
a reticulation of vessels, in which the transverse channels are large 
and distant, the longitudinal ones small and numerous and di¬ 
vided only by narrow open spaces. Or the structure may be de¬ 
scribed, for convenience, as it frequently is, as a vascular mem¬ 
brane with large transverse channels and minute longitudinal 
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ones connecting the former, and divided by narrow elongated 
stigmata. This is the true aerating surface of the gill; and were 
there no additional appendages, the organ would appear to be 
composed of numerous transverse series of short longitudinal ves¬ 
sels and narrow openings, divided by large transverse channels or 
vessels ; it would appear to be, in fact, what it essentially is. But 
on first inspection, with the aid of a low magnifying-power, it 
seems to be formed of a comparatively coarse reticulation of longi¬ 
tudinal and transverse vessels of nearly equal size, crossing each 
other at right angles, and having four or five narrow longitudinal 
openings or stigmata in each square mesh, dividing as many minute 
vessels. 

This appearance is produced by the existence of a number of 
stout so-called longitudinal vessels or bars that extend from one 
end to the other of the branchial sac, and project considerably 
from the inner surface of the orgau, to which they are attached 
only at the points where they cross the transverse channels. Here 
they are supported upon short wide pedicles, through which they 
receive their supply of blood from these channels ; they are thus 
lifted some little distance above the general surface of the 
gill. At these points the longitudinal bars are a little enlarged, 
and have on their upper margin a stout elongated papilla with the 
extremity rounded. There is thus a papilla at the angles of each 
mesh; and they are all inclined towards the ventral side of the 
respiratory sac, and have on the upper surface, aud in front, an 
elongated disk, which is apparently ciliated. 

The walls of the longitudinal bars are comparatively thick ; and 
hence these organs have a certain degree of rigidity. It is not 
very easy to determine of what use they are; but perhaps their 
chief function is to protect the more delicate tissue of the true 
aerating vascular surface ; while the papillae will conduce to the 
same end, and by the aid of their cilia probably sweep the sedimen¬ 
tary matters towards the oral lamina, the water being beat through 
the stigmata by the cilia that fringe their borders. From the 
stiffness of the bars themselves it may be inferred that they will 
also give support to, and keep stretched out, the vascular network 
of the sac. They seem ill calculated, on account of the thickness 
of their walls, to give much assistance in aerating the blood, and 
are certainly unnecessary as part of the circulatory mechanism. 

The blood, as we have already seen, is brought to and taken 
from the aerating reticulation by the dorsal and ventral branchial 
channels, and bv numerous suspenders connecting it with the 
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visceral and pallial plexuses. We have also traced the blood 
through the principal channels of the organ from one side of it to 
the other. All, therefore, that remains to be done is to follow the 
flow of the stream through the minute portions of the structure. 

The extremities of the heart, we have seen, do not open into 
the ends of the two great branchial channels, but a considerable 
way above their lower terminations. It is consequently evident 
that the blood will move upwards in these channels above the point 
where it enters, and downwards below it; and when we consider the 
action of the current so brought to the transverse channels, it is 
clear that the flow will be in contrary directions in the small 
longitudinal or secondary vessels above and below this point. Now 
it has been already stated that on the reversal of the action of the 
heart there is a pause of a second or two, so that for this period 
the currents cease to move and the fluid becomes perfectly stag¬ 
nant. On resuming its function, the first act of the heart is to 
dilate; consequently, the blood is drawn towards it from the re¬ 
spiratory organ; and it follows, as a matter of course, that the 
fluid in the secondary vessels above the point just alluded to in 
the great branchial channels must flow downwards, and in those 
below this point upwards. This will be the case whether the 
blood is brought to the branchial sac by the dorsal or the ventral 
channel. Such downward and upward set of the blood-current in 
the secondary vessels has actually been observed in Perophora by 
Dr. Lister, who states that “ the horizontal vessels were connected 
also by the smaller or vertical channels between the spiracles—the 
set of the current in the latter being upwards for the two lower 
rows, and downwards for the two upper rows.” If the heart in the 
first instance threw the blood into, instead of drawing it from, the 
gill, the reversal of this motion would take place ; namely, the flow 
in the secondary vessels above the point indicated would be up¬ 
wards, and downwards below it. 

Such are the characters of the branchial sac as seen to exist in 
A. venosa. The minute network, however, is not continuous 
throughout the whole organ, but is interrupted in such a manner 
as to show* that it is composed of two lateral lobes or laminse. It 
is divided along the dorsal line by two parallel folds of the lining 
membrane, which are separated by a deep groove; the tissue at 
the base of each fold is stiffened by a flattened rod of a somewhat 
rigid, opake, yellowish substance, which together form the endo- 
style, that lies, as it were, in the bottom of the groove, along which 
the rods appear to be united. The upper extremities of these 
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folds diverge right and left, and become continuous with the lower 
member of what may be termed the anterior cord or collar—two 
narrow folds also of the lining membrane that encircle the base 
of the respiratory tube, a little above the anterior margin of the 
branchial sac, and having the circular blood-channel, previously 
mentioned, immediately below them. The ventral margin of the sac 
is furnished with a wide, longitudinal, delicate, membranous fold, 
which apparently also originates in the lining membrane, and 
which interrupts the continuity of the minute network in this di¬ 
rection. This is the ventral or oral lamina ; it extends from end 
to end of the branchial sac, and is ribbed transversely ; the mar¬ 
gin is entire. The mouth opens close by its left side, about one- 
third from the lower extremity; the upper extremity for some 
little way downwards is divided longitudinally, showing that the 
lamina is really composed of two lateral membranes ; and each 
division is nnited to the lower member of the anterior collar, much 
in the same manner as the latter is attached to the dorsal folds 
connected with the endostyle. The upper member of this collar 
is divided from the lower by a narrow groove, and is uninterrupted 
by either the oral lamina or the dorsal folds. The oral lamina is 
connected below by another narrow cord to the posterior extremity 
of the dorsal folds : this is the posterior cord. 

In this way are traced the boundaries of the two lateral laminae 
composing the branchial sac. They are attached by their upper 
borders to the walls of the pallial or respiratory chamber, a little 
below the anterior collar or cord ; the dorsal margins are attached 
along the sides of the endostyle, and the lower margins along 
the line of the posterior cord. In all other parts the two lobes 
are free, except at the points where the suspenders bind them to 
the walls of the chamber, and where the extremity of the oesopha¬ 
gus penetrates the branchial sac; and here, of course, the latter 
is attached to the alimentary tube. The supposed function of the 
endostyle has been already indicated; the folds of the lining 
membrane to which it is adherent are no part of the gill; neither 
can the oral lamina be considered a portion of the breathing- 
organ : it is certainly highly vascular; that is, minutely-ramifying 
blood-channels can be traced in it; but similar vessels (or chan¬ 
nels) are seen in all the membranes of the organism, and also occur 
in the dorsal folds in connexion with the endostyle. The office of 
the oral lamina is to conduct the food to the mouth. And it has 
already been stated that the sedimentary matters are there accu¬ 
mulated and formed into a cord, and so carried to the oral aper- 
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ture along the lamina. The anterior cord may perhaps also aid 
in collecting sedimentary aliment, if it he ciliated, as its homologue 
in Salpa is stated by Professor Huxley* to be. 

The simple form of gill above described is not by any means 
constant in Ascidia ; in fact it seems but rarely to occur in this 
genus. The same simplicity of structure, however, is found in 
Pelonaia , with only some unimportant changes. In Clavelina and 
Perophora the vascular network is not more complicated; and in 
the former, at least, the longitudinal bars have entirely disap¬ 
peared. And in it there are numerous transverse laminae which 
are adherent throughout to the walls of the transverse channels ; 
they are united to the filaments of the oral lamina, and perhaps 
are mainly instrumental in carrying the food in that direction. 
The structure of the gill is equally simple in the compound Tuni- 
cates; and in them the longitudinal bars seem to be occasionally 
present. 

In Ascidia mentula and A. sordida the branchial network is fun¬ 
damentally the same as in A . venosa ; but in the two former, and in 
some others, it ispninutely folded longitudinally, so that, on making 
a transverse section of it, the edge presents a deeply undulated 
line. The surface is not altogether unlike corduroy ; it is, in fact, 
finely plaited (or crimped, as the laundress might say); but the 
flutes or grooves between the ridges or plaits are interrupted 
wherever the transverse vessels' cross them, the vessels at these 
points filling up the hollows. Thus there are numerous septa 
formed, turning the grooves into series of minute recesses or 
pouches. 

The longitudinal bars are strong and raised considerably above 
the inner surface in A. mentula; and there are smaller interme¬ 
diate papillse, as well as larger ones at the points where the bars 
cross the transverse vessels. All the papillae bear ciliated disks ; 
and a wide membrane stretches from the back of the larger pa¬ 
pillae for a considerable way along the transverse vessels. In 
A. sordida the bars are likewise strong; but the papillae are rather 
small, and there are no intermediate ones. Between the longitu¬ 
dinal bars there are two oval ciliated disks, one on either side of 
the middle line of the transverse vessels. 

The oral lamina in A . sordida is a wide plain membrane ; but in 
A. mentula it is strongly ribbed transversely; the ribs passing 
beyond the margin as fine points give to it a pectinated appearance. 

* “ Observations upon the Anatomy and Physiology of Salpa and Pyrosoma 
Phil. Trans. 1851, pt. 2. p. 567. 
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In Stycla tuberosa and its immediate allies we have another 
modification of the branchial network. In them it is provided 
with eight simple longitudinal folds or laminae—four on each side 
of the oral lamina; these stretch from one end of the sac to the 
other, and terminate below by the sides of the oral orifice. The 
network is, in other respects, as simple as it is in A. venosa, there 
being no minute plaiting such as is seen to exist in A. mentula. 
The folds, however, give to it a very interesting character, inas¬ 
much as we observe in them a very ready and efficient mode of in¬ 
creasing the aerating surface, as, indeed, the same end is gained 
by the minute plaits in the vascular network in A. mentula and 
A. sordida. In Sty cl a the folds are formed in exactly the same 
way as those minute plaits ; that is, they are each composed of a 
fold of the branchial sac, and the space within is divided into 
pouches by septa situated at nearly equidistant points. In this 
genus the transverse vessels vary considerably in size, there being 
usually one or two smaller between larger ones ; and the septa are 
placed wherever the latter cross the structure. Thus a series of 
pouches of nearly equal size occupy the interior of the folds, and 
open at the outer surface of the branchial sac into every part of 
the atrium. In fact, we see here an arrangement very similar to 
that observed in the interbranchial water-channels in the Lamelli- 
branchs; and in this case, as in them, the purpose is to allow 
the water, after permeating the walls of the fold or lamina, to es¬ 
cape externally. 

The longitudinal bars in Stycla assume the form of delicate 
ribbon-like membranes attached by one edge to the principal 
transverse vessels; they are numerous, and are found on the folds 
as well as on every other part of the organ. The oral lamina is a 
wide simple membrane. 

The branchial sac in Molgula conchilega and its allies is charac¬ 
terized by longitudinal folds or laminae, formed much in the same 
way as those in Stycla. In the former there are six such folds 
on each side of the sac. The vascular network, however, is very 
different, having the secondary vessels, or those which are usually 
arranged at right angles to the transverse channels, disposed in 
imperfect spiral coils or convolutions, the vessels themselves fre¬ 
quently intercommunicating; consequently the stigmata or open 
spaces separating them are broken into various lengths. There 
are also a few delicate radiating vessels which pass from the centre 
of the coils to the circumference, but mostly in the direction of 
the transverse channels that convey the blood to and from the 
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coils. The chief purpose of these radiating vessels is apparently to 
prevent engorgement of the coil, and to aid the reflux of the stream 
by conveying the blood in the most direct manner to and from 
the centre of the coil. "When the spiral arrangement is more im¬ 
perfectly developed than usual, the radiating vessels are very irre¬ 
gularly dispersed; but even in such cases there can be little doubt 
that their function is as above stated. The longitudinal bars have 
the ribbon-like character of those in Stycla, and are principally 
confined to the folds. 

Ascidia jparallelogramma has also the secondary vessels spirally 
arranged, as originally pointed out by Mr. Alder and here the 
coils, which form slight conical eminences, are disposed in regular 
transverse series between the transverse channels. The coiled 
vessels do not so frequently intercommunicate as they do in Mol¬ 
gula ; consequently the stigmata are much longer, being less in¬ 
terrupted. The radiating vessels are not numerous, and they 
pass from the centre of the coil to the transverse channels. The 
longitudinal bars are more rigid and cord-like than usual; they 
project considerably from the surface of the gill; and the papillae 
which are attached to them are not elevated, but inclining back¬ 
wards are united throughout their length, and give support to 
wide membranes that extend from the surface of the transverse 
vessels. In this species the oral lamina is replaced by a series of 
well-developed filamentous processes. 

The most perfect, however, of the spiral type of gill is found in 
Molgula arenosa. In this interesting species the interior of the 
branchial sac is furnished on each side with six or seven wide, 
longitudinal, ribbon-like bands, which are attached by one edge 
to the transverse vessels at the points where they cross them. 
These bands, how like soever in general appearance, are not to be 
confounded with the branchial folds in Stycla and Molgula; they 
are the homologues of the longitudinal bars so constantly present, 
and with the transverse vessels give to the surface a coarse reti¬ 
culation, the square meshes of which are each occupied by a conical 
eminence. On account of the prominence of the longitudinal 
bauds these eminences, which look like so many miniature bee¬ 
hives, seem to be arranged in six or seven longitudinal series. 
Each cone is formed of a double spiral coil of secondary vessels 
united at the apex; the coils are perfect, and tbe stigmata, which 
are coextensive with them, appear to be scarcely, if at all, inter- 

* “ Observations on the British Tunicata,” Ann. & Mag. Nat. Hist. S. 3. vol. xi. 
p. 158. 
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rupted by intervascular communications. Radiating vessels, how¬ 
ever, which are sufficiently numerous to prevent engorgement, 
pass from the apes of each cone to the transverse vessels, and 
are the principal interruptions to the continuity of the spiral 
stigmata. The oral lamina in this, as in all the members of the 
genus, is a plain simple membranous band. 

All the simple Ascidians that have come under my notice, not 
even excepting Pelonaia , have a collar of tentacular filaments situ¬ 
ated at the base of the incurrent tube, some distance above the 
entrance of the branchial sac; indeed the distance in some species 
is considerable, and no instance has occurred in which they could 
be said to be connected with the gill. They are usually linear or 
slightly conical, and are rather numerous, except in Pelonaia , which 
has not more than twelve or fourteen; but in Molgula and in 
some of the other Cynthiadoe they are branched or pinnate, and 
are not very abundant. They, however, all agree in being soft, 
delicate, hollow organs ; and the simple ones ,at least, have the 
interior divided by a septum into two longitudinal channels, so 
that the blood will circulate freely through them. They appear 
to be an outgrowth of the lining membrane, and are supplied with 
blood from that which flows between it and the mantle or inner 
tunic. 

That enigmatical organ the branchial tubercle (the anterior 
tubercle of Savignv) is situated in the space between the tenta¬ 
cular filaments and the anterior margin of the branchial sac, in 
contact with the upper membrane of the anterior cord or collar, 
and immediately in front of the upper extremity of the oral or 
ventral lamina. It is formed of two parallel folds of the lining 
membrane pressed close together and united at the extremities y 
they seem but as one fold, and are bent into a loop with the ends 
turned towards the inhalant orifice, and, inclining inwards, are a 
little convoluted. Thus the organ assumes a rounded or oval 
form, rising above the surface to which it is attached as a depressed 
compact tubercular swelling. An opaque white line marks the 
separation of the two folds, and follows the convolutions to the 
extremities. 

This is the form that this curious tubercle assumes in Ascidia 
scabra , A. affinis , a closely allied species, A. mentula , and Pelonaia 
corrugata. In A. sordida one of the extremities turns inward, 
the other outward, so that both are bent in the same direction. 
But more striking modifications occur in some other species. In 
one allied to A mentula there are three loops, crowded upon each 
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other, and having their extremities only slightly incurved ; and in 
another closely related form the organ is dense, large, and some¬ 
what quadrangular, with numerous irregular convolutions formed 
apparently of several loops of the lining membrane. In Stycla 
tuberosa and S. mamillaris it is large, oval, and disk-like, with the 
extremities so indistinct as to be scarcely traceable. The reverse 
of this is the case in Molgula conchilega , in which it is almost 
crescent-formed, with the extremities very obvious and well turned 
inwards. And in Ascidia venosa it is still more simplified, being 
a mere horseshoe-like loop, with the extremities pointed and very 
slightly incurved. 

It is not easy to assign a function to this peculiar organ—though, 
from its position at the entrance to the branchial sac, it may be in¬ 
ferred that it is of the nature of a special sense, testing the qua¬ 
lity of the inhaled water. Taste could be of little use to an animal 
that has not the power of selecting its food • but it would seem 
necessary for the creature to be warned of the approach of 
aught deleterious in the respiratory currents. The function of 
this organ is therefore probably more akin to that of smell than 
of taste. It is certainly of some importance in the economy of the 
animal; for it is constantly present, and is usually closely associ¬ 
ated with the ganglion. In some species the tubercle rests upon 
the nervous centre ; and when placed at a little distance from it, 
a nerve may generally be traced running towards (and in some in¬ 
stances having all the appearances of supplying) it. 

The nervous system is in a very rudimentary condition in the 
Tunicata. There is but one ganglion ; and it is invariably placed 
between the two respiratory tubes, in a blood-sinus situated be¬ 
tween the inner tunic and lining membrane, which sinus, commu¬ 
nicating directly with the great ventral channel of the branchial 
sac, will be well supplied with aerated blood. The ganglion is 
fusiform, more or less elongated in the antero-posterior direction, 
and usually a little constricted in the middle, as if composed of two 
centres. In A. mentula , and in several other species that have 
been examined, it is partially folded in a much folliculated gland¬ 
like substance, and gives off from each extremity three or four 
nerves, all of which go to the respiratory tubes and to the adja¬ 
cent portions of the inner tunic or mantle. A branch from one 
of the principal nerves has been traced to the branchial tubercle 
in one or two species. There is no variation of any consequence 
in the nervous element in any of the forms examined. 

The organization of Salpa is highly instructive ; for in this - 
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form we have a Tunicate in which development has been arrested, 
and which, to a certain extent, has an embryonic character. In 
it the branchial sac is entirely absent, and the circulatory system 
is much in the same condition as it is in the young of Ascidia 
before the respiratory organ is developed. 

In Salpa the outer tunic or test appears to be quite free from 
the inner tunic or mantle, except at the margins of the anterior 
and posterior orifices, where they seem to be united. The inner 
tunic and lining membrane, or that which forms the inner wall of 
the respiratory cavity, are, on the contrary, adherent throughout, 
spaces only being left for the passage of the blood-currents ; for it 
is between this tunic and membrane that the “ sinus-system ” is 
situated. The respiratory cavity corresponds pretty accurately to 
the pallial chamber of a simple Ascidian—were the branchial sac 
entirely removed, leaving only the endostyle with its two lateral 
folds, the ventral or oral lamina, and the connecting cords. 

On examining the great respiratory chamber or cavity in Salpa 
spinosa , for instance, an endostyle with the two lateral membra¬ 
nous folds, similar in all essentials to that organ in the other 
Tunicata, is seen adhering to the dorsal wall of the cavity; and 
the so-called “ branchial band ” or “ gill ” is conspicuous on the 
opposite side, passing forward from the nucleus iu an inclined 
position, the posterior extremity being attached in the vicinity of 
the mouth, the anterior to the ventral wall of the cavity. The two 
folds in connexion with the endostyle and the “ branchial band ” 
are connected in front by a narrow band (the “ ciliated band ” of 
Huxley) that encircles the anterior extremity of the respiratory 
cavity: and another similar band, or pair of parallel bands, passes 
from the posterior end of the dorsal folds, and terminates near to 
the posterior extremity of the “ branchial band.” Thus we observe 
certain lines or bands which, together with the endostyle, corre¬ 
spond to the boundary lines of attachment of the branchial sac of a 
simple Ascidian ; and if we suppose a vascular network extended 
from either side of the endostyle to the lateral margins of the 
“ branchial band,” and imagine it to be attached in front and behind 
along the ciliated bands, we shall see how readily a Salpa may be 
made to assume the most striking feature of an ordinary Ascidian. 

Now the ciliated bauds are the homologues of the posterior 
cord and the lower member of the anterior cord or collar of the 
branchial sac of the simple Ascidians ; and the “ branchial band ” 
is the equivalent of the oral or ventral lamina of the same group. 
The relation of the ciliated bands, particularly the anterior, to the 
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“ branchial band,” and. the characters of the latter, sufficiently 
prove this. 

The so-called branchial band has the appearance of a cylindrical 
tube ; but it is easily seen that it is formed of two laminse, the 
lower or ventral margins of which are a little separated, while 
the upper or dorsal are brought together, forming a ridge along 
this margin. A large blood-channel runs along in connexion 
with, and immediately below, the ventral margins; this is the ho- 
mologue of the ventral branchial channel. The two laminse rise, 
as it were, from the sides of this channel, and inclining towards 
each other, are united along the dorsal ridge as just stated ; but 
towards the anterior extremity of the organ they separate, and 
become united to the ends of the ciliated cord or band in exactly 
the same way as the lateral divisions of the oral lamina join the 
anterior cord or collar. In fact, in both Salpa and Ascidia the 
one organ, seems to be a continuation of the other, as they are, 
no doubt in both, productions of the lining membrane, the blood- 
channel itself being developed in connexion with-the same mem¬ 
brane. The “ branchial band,” we thus see, corresponds to the 
oral lamina in being composed of two laminse, in its relation to 
the anterior ciliated band or collar, and in its connexion with the 
great ventral blood-channel. And, moreover, like the oral lamina 
in several of the Ascidicc , it is transversely ribbed. In Salpa the 
ribs are stout and strongly ciliated; and there can be no doubt 
they are also ciliated in Ascidia. 

In Salpa , then, the so-called branchial band cannot be looked 
upon as a true gill; and homologically it does not represent the 
branchial sac at all, but only that appendage of it the oral lamina. 
And as the function of the latter seems to be chiefly, if not ex¬ 
clusively, to carry the food to the mouth, the same office is pro¬ 
bably performed by the so-called gill in Salpa, And, indeed, 
without some such help it is difficult to see how such an animal 
would be able to take its food. There can be little doubt that the 
walls of the respiratory cavity, as has been suggested by Professor 
Huxley*, chiefly effect the decarbonization of the blood; while 
the so-called gill will aid in this operation in proportion to its 
vascularity; as must, indeed, all the tissues bathed by the respira¬ 
tory currents. 

The ganglion lies on the ventral side of the respiratory cavity, 
between the lining membrane and inner tunic, a little in advance 
of the ciliated band, and directly in front of the anterior extremity 
* Op, cit. p. 570. 
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of what we may now term the oral lamina (the pseudo-gill). All 
the nerves are given to the walls of the cavity—in other words, to 
the inner tunic or mantle. The anterior extremity of the ganglion 
is produced a little, giving an appearance to the organ as if com¬ 
posed of two centres. On the anterior surface of the produced 
extremity there are three or four imperfectly formed black pig¬ 
ment specks, having the appearance of rudimentary eyes, which, 
however, Professor Huxley considers auditory capsules. 

The “ languet,” with its ciliated “ fossa,” is placed just in front 
of the ganglion, consequently on the same middle ventral line with 
it and the oral lamina; it is a long, tapering, conical process, with 
a longitudinal groove which widens at the base where it joins the 
fossa, over which it seems to straddle. There can scarcely be any 
doubt that this is an organ of special sense ; and it would appear 
probable that its office is to ascertain the quality of the respira¬ 
tory currents, and may therefore be olfactory. Thus in function 
the “languet” would seem to agree with the branchial tubercle so 
constant in the other Tunicates; but it is, moreover, homologi¬ 
cally speaking, the same organ, as appears demonstrated by its 
position in relation to the ganglion, the ciliated band, and the 
pseudo-gill. Like the tubercle, too, it is a production of the lining 
membrane; and, as indicated by the longitudinal groove,like it, also, 
the “languet ” is probably formed of two portions or folds of this 
membrane. It must, therefore, not be confounded, as it frequently 
has been, with the tentacular filaments of the oral lamina in Clave- 
lina , Pyrosoma , and several other simple and compound Ascidians. 

The homologies, however, do not stop here; the clear anasto¬ 
mosing vessels or tubes ramifying over the surface of the intes¬ 
tine, described and figured by Prof. Huxley*, and supposed to 
“represent a hepatic organ,” or “a sort of rudimentary lacteal 
system,” are, there can be no doubt, the homologue of the rudi¬ 
mentary liver before described in Ascidia and in some of the 
Cynthiadse; and, indeed, the structure appears to resemble very 
closely that of the hepatic organ in Ascidia parallelogramma. The 
“mass of clear cells,” the “elaeoblast” of Krohn, according to 
Huxley, may perhaps prove to be the -same as the well-known 
cell-structure before described as coating the alimentary tube in 
the Ascidice ; but this is mere conjecture. 

Thus w r e see how close the relationship is between Salpa and 
Ascidia ; with Clavelina , however, the connexion is still more in¬ 
timate. This is undoubtedly a near ally; it is only necessary to 
* Op. cit. p. 570. 
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look to immature specimens to be satisfied of this. When the 
young Cflavelina is about one twentieth of an inch long, and when 
the thoracic portion would scarcely be half that length, the thorax 
is remarkably like the embryo of Salpa. In profile both have a 
subtriangular form, the anterior opening being placed at the angle 
in front, and the posterior at an angle situated considerably back¬ 
ward, the young of Clavelina having the two orifices nearly as far 
apart as they are in the embryo of Salpa. At this early period 
of growth the endostyle is distinctly developed in both forms, and 
the ganglion aud the oral lamina are clearly indicated, also the 
ciliated band or anterior collar. So far, everything is alike; the 
general similarity of the respiratory cavity is obvious enough; and 
were the nucleus in Salpa produced a little more than it is back¬ 
wards, the resemblance of the two would be almost complete. But 
in the young of Clavelina there are, in addition to what has already 
been described, the tentacular filaments of the incurrent tube, 
which are now of considerable size; and the branchial sac has 
already commenced its development. 

The latter organ, however, is in an exceedingly rudimentary con¬ 
dition : only a single transverse channel or primary vessel on each 
side of the great ventral channel has made its appearance, and 
does not yet extend much more than halfway across the thoracic 
or respiratory cavity, on its way (so to speak) to the dorsal channel 
in connexion with the endostyle. On each side of these growing 
primary vessels five or six secondary vessels, at right angles to 
them, have commenced to sprout; and the distal extremities of all 
of them, as well as of the primary vessels themselves, open through 
the lining membrane of the thoracic cavity into the sinus-system 
between it and the inner tunic. Thus is defined, on either side, 
the nascent atrium, which is only an extension of the cloaca that 
had been previously formed. Shortly another primary vessel makes 
its appearance, extending from the ventral channel and connected 
laterally with the extremities of the secondary vessels already 
formed; and then another series of secondary vessels is developed, 
and afterwards another primary vessel, and so on, gradually in¬ 
creasing the length of the two branchial leaflets (if they maybe so 
called), which at the same time grow in breadth, passing further 
and further across the thoracic cavity until at length they reach 
the sides of the endostyle; all the while the primary and secondary 
vessels along the margins of the growing organ, open into the 
pallial sinuses in the manner already indicated; so that the boun¬ 
dary of the water-space or atrium is well defined, and is always 
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coextensive with the expanding gill. The oral processes, which 
in this animal occupy the place of the lamina, are produced one 
by one, in accordance with the appearance of the primary vessels 5 
and the vascular suspenders likewise originate at the same time. 

It is unnecessary on this occasion to trace the development of 
the branchial sac further, or with more minute details; it should 
be observed, however, that the growth of the gill undoubtedly ori¬ 
ginates in the great ventral channel, which is itself a production 
of the lining membrane, and that during the development of the 
organ it is connected with this membrane, and that this connexion 
is ever afterwards maintained by the vascular suspenders. It may 
also be remarked that in no stage of the growth is the gill ever con¬ 
nected, on the one hand, with the margin of the oral orifice—or, on 
the other, with the tentacular filaments of the incurrent tube, which 
are, indeed, placed at a considerable distance from the upper margin 
of the gill; and the lower margin is some way above the oral orifice. 

The above description of the development of the gill does not 
exactly agree with that given by A. Krohn of the branchial sac of 
Phallusia ( Ascidia ) mamillata # . According to this author, there 
are at a very early stage of development two excurrent orifices, 
one on each side of the middle line,—necessitated by the fact that 
the gill commences to separate itself from the walls of the cavity 
at two points simultaneously, thus forming two separate water- 
spaces, one on each side of this line,—the great ventral blood-channel 
apparently not being yet detached from the inner tunic. It is 
not till the “ branchial sac is everywhere perforated ” that these 
water-spaces, according to this naturalist, are united by the for¬ 
mation of the cloaca. I have certainly not seen the young of 
Clavelina in a sufficiently early stage of development to warranty 
the assertion that such does not take place in this form; but 
assuredly in it, at a very early period, the cloaca freely communi¬ 
cates with the water-space or atrium on each side. At the same 
time it must be allowed that it is more than probable that, at the 
earliest stage of existence, in Clavelina and in other Tunicates the 
great ventral channel is united throughout to the wall of the pal- 
lial chamber; and hence the statement of Krohn does not seem 
at all unlikely. And, moreover, we thus learn that this great 
blood-channel is developed in connexion with the lining membrane, 
with which it continues ever afterwards more or less connected. 
We have already seen that the transverse or primary vessels take 
their origin in this same vessel, and that they in their turn give 

* “On the Development of the Aseidians/' by A. Krohn—‘Scientific Me¬ 
moirs’, edited by Henfrey and Huxley, 18f>3, p. 324. 
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off the secondary vessels: these are the essential parts of the 
branchial tissue; and when we look to its anatomical structure as 
well as to its mode of growth, we can scarcely doubt that the net¬ 
work of the gill is truly vascular. Speaking, therefore, of the 
branchial sac as a perforated membrane, as is frequently done, 
gives an erroneous idea of its apparently true nature. 

The longitudinal bars which have been so frequently alluded to, 
and which lie in a plane ajittle above the inner surface of the re¬ 
spiratory sac, are non-essential parts of the organ, their function 
apparently being, as previously stated, to protect the surface of the 
gill, and, by the aid of their cilia, to sweep the alimentary matters 
towards the oral lamina. They are not always developed: they do 
not exist in Clavelina\ neither are they apparently present in 
Perophora ; and they seem to be absent in several of the compound 
Ascidians ; in Doliolwm they have likewise disappeared. 

It is stated above, that Clavelinct is nearly related to Salpa ; but 
Pyrosoma aud Doliolum come much nearer to it in their general 
structure, as well as in the details of their organization. Unfor¬ 
tunately I have never seen either of these two interesting forms ; 
but, judging from the able descriptions of them by Prof. Huxley 
in the 4 Philosophical Transactions/ they both present examples of 
imperfectly developed gills. In Pyrosoma the secondary vessels are 
entirely absent, and the primary vessels of. the two lateral laminae 
of the branchial sac do not reach the endostyle, their development 
having been arrested before they extended so far across the respi¬ 
ratory cavity ; their distal extremities, however, will undoubtedly 
open into the system of pallial sinuses ; in no other way can the 
flow of the blood through the gill be explained: the circulation is 
therefore to this extent embryonic. 44 The longitudinal bars ” of 
Huxley are the homologues of what have been so designated 
throughout this communication, and are therefore not to be con¬ 
founded with the true vascular portion of the gill. To turn 
Pyrosoma into a Salpa, little more seems necessary than to arrest 
entirely the growth of the primary branchial vessels, and to give 
to each individual a separate test. 

An arrest of development of these vessels is carried to a much 
greater extent in Doliolum . In this form the secondary vessels 
have not only disappeared, but the longitudinal bars are also ab¬ 
sent, and the primary vessels themselves only very imperfectly 
developed. The two bands named by Huxley respectively the 
44 epipharyngeal ” and 44 hypopharyngeal ” in this curious form, 
undoubtedly indicate the line of the great ventral channel and 
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oral lamina, bent up in accordance with the peculiar development 
of the creature. In the Ascidice that have the branchial sac pro¬ 
longed behind the mouth, the ventral channel extends likewise 
behind the mouth, as well as in front of it; and if we suppose the 
endostyle to be shortened in these species, and the posterior por¬ 
tion of the sac to be consequently drawn backward and upward, 
the corresponding extremity of the ventral channel would pass 
up the dorsal side of the pallial or branchial chamber; and thus 
this axis of the gill would at once take up the position it occupies 
in Doliolum : that is, part would be above or in front, and part 
below or behind the mouth ; part would form a “ hypopharyn- 
geal” band, and part an “ epipharyngeal ” band. 

IS’ow the primary vessels or “tubular bars” originate in the 
sides of these bands, and are, as already stated, very imperfectly 
developed, extending, as they do, only for a short distance, and 
then terminating by opening through the lining membrane of 
the respiratory cavity into the pallial sinuses, just we have sup¬ 
posed the similar vessels do in Pyrosoma. The vessels or “bars,” 
however, of the middle portiou of the gill, according to Prof. 
Huxley, do not so terminate, but end in free loops. The branchial 
sac is, indeed, in such a rudimentary condition that one step more 
in its degradation and it would entirely disappear, and Doliolum 
would be scarcely distinguishable from Balya. 

In Appendicularia the gill is wholly absent; but the oral la¬ 
mina is represented by the “ciliated band,” which adheres to the 
ventral surface of the respiratory cavity ; and it is interesting to 
find that the anterior extremity of this band divides into two 
branches, which, passing towards the dorsal region, encircle the 
cavity a little below the ganglion, just as the anterior ciliated 
band does in Salpa , as the anterior band or collar does in Ascidia. 

In this interesting form, in which the embryonic characters 
have become permanent, we see the oral lamina still adhering tb 
the wall of the respiratory cavity, as well as the endostyle and 
anterior collar or ciliated band. All these parts, then, appear to 
be equally developments of the lining membrane; and the gill, 
which in the higher forms has been described to originate in the 
oral band, or rather in the great ventral channel, which always 
accompanies it, must likewise be considered a production of 
this same membrane, and which, too, we have seen it is connected 
throughout its development. 

It is not my intention, on the present occasion, to enter at 
any length on the relation that subsists between the Tunicata 
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and the Polyzoa on the one hand, and the Tnnicata and the 
Lamellibranchiata on the other. Nevertheless it seems desira¬ 
ble to say a few words on this important branch of the subject 
before concluding, with the view merely of indicating what appears 
to be the result, in this respect, of my recent investigations. 

That the Polyzoa are very closely allied to the Tunicata is 
now generally admitted ; opinion, however, is divided respecting 
the homology of the tentacular crown—some naturalists main¬ 
taining that it is represented by the branchial sac, while others 
believe that it is homologous with the tentacles of the respiratory 
tube, and that the branchial sac is really the dilated pharynx 
of the polyzoon. These two views have been ably advocated re¬ 
spectively by Prof. Allman and Prof. Huxley. 

In my paper on the “Freshwater Bryozoa,” before cited, the 
opinion that the branchial sac is homologous with the tentacular 
crown was maintained; but my belief in this view has been of 
late much shaken, and even Prof. Allman’s ingenious explanation 
of his theory seems to me no longer satisfactory. The peculiar 
idea entertained by this able physiologist is, that the lophophore 
of a Hippocrepian Polyzoon is the homologue of the ventral 
branchial channel of the Ascidian, and that the tentacles of the 
former correspond to the transverse or primary vessels of the 
branchial sac. But the lophophore is an appendage of the mouth, 
and is developed from the margin of the oral orifice, and there¬ 
fore can scarcely be considered to be the true representative of 
the branchial channel, which does not seem to be so related, but 
appears rather to be developed in connexion with the lining mem¬ 
brane coating the pallial cavity, and has all the appearance of a 
true vessel in direct communication with the heart. And there 
are other difficulties in the details of this view, to which it is 
unnecessary, at this moment, to make further allusion. 

The view so forcibly advocated by Prof. Huxley seems to rest 
more upon a wide and philosophical generalization of Molluscan 
organization than on anatomical and embryological data, and is 
therefore difficult to discuss from a standpoint of the details of 
such matters. It must, however, be stated that the anatomical 
facts, so far as I have been able to examine them, do not seem 
to contradict this hypothetical view; indeed, in many respects, 
they appear rather to support it. The anatomical data, never¬ 
theless, will, I think, bear another interpretation, which, perhaps, 
it will be well to consider, merely premising that I have no wish 
to support it further than as a suggestion which has a few cor- 
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roborative facts in its favour: more information is still required 
before this matter can be determined satisfactorily. The inter¬ 
pretation alluded to is, that the branchial sac is a new and dis¬ 
tinct development, as the endostyle is, and as are the oral la¬ 
mina, the branchial tubercle, and the tentacular filaments of the in¬ 
halant tube,—and that all these organs have equally their origin 
in the lining membrane or inner tunic of Huxley, and have no 
homological representatives in the Polyzoa. 

And, further, this interpretation of the facts leads to a belief 
that the branchial sac is the rudiment of the Lamellibranchiate 
gill, the structure of the two organs being essentially the same. 
The principal blood-channels in the gill of the Lamellibranch are 
simple transverse vessels ; and the most persistent and essential 
parts in the structure of the branchial sac of the Tunicates are 
the transverse or primary vessels. Thus, fundamentally, these 
organs are similar. And when the branchial sac is furnished 
with longitudinal folds, as generally is the case in the CynthiadaB, 
the primary vessels assume relatively the same position as their 
supposed homologues do in the gill-plate. The folds, too, as the 
nature of the structure implies, are formed of two laminae united 
at their distal margins, and have the space between them ’divided 
by septa into transverse pouches, which only want to be elon¬ 
gated by the further development of the fold to make them cor¬ 
respond in every respect to the interbranchial water-tubes of the 
gill-plate of the Lamellibranch. And already the pouches sub¬ 
serve the function of water-tubes. 

Now we have seen that the branchial sac is composed of 
two lateral laminae, originating in the great ventral channel, and 
extending to the endostyle; and in Pyrosoma, and Doliolum we 
observe that these laminae are curtailed in their development be¬ 
fore they reach so far; in the latter, in fact, they are exceed¬ 
ingly limited. There is, therefore, no difficulty in supposing that 
the branchial sac might be reduced to merely four such folds as 
above alluded to, two being on each side of the mouth and oral 
lamina. Were such the fact, there would be four rows of ori¬ 
fices, corresponding to the pouches in the folds on the outside of 
the gill, opening into the cloaca, exactly like the four rows of 
openings of the interbranchial water-tubes communicating with 
the anal chamber in the Lamellibranchs. Thus, in all external 
characters, we should have here a very complete representation 
of the four gill-plates of that group. Each pair of the gill-plates, 
however, in the Lamellibranchiata has its own proper efferent 
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blood-vessel leading directly to the heart; while our supposed 
transformed organ has only one such trunk vessel. It would 
therefore seem probable that the branchial sac can represent but 
a single gill of the Lamellibranch, and that one fold on each side 
of the ventral lamina (or great ventral channel) may be assumed 
to be the homologue of the left gill of the higher mollusk. 

The branchial sac itself is not a perfectly symmetrical, organ ; 
at least the oral lamina does not exactly divide it into two equal 
lateral halves; for it invariably passes to the right of the oral 
aperture in all dextral species, and it never, so far as my observa¬ 
tions extend, abuts directly upon it. On the other hand, the 
heart in the simple Ascidians usually occupies a central position, 
being placed in the middle line of the digestive organs ; and the 
great vascular trunks as they leave its anterior or ventral extre- 
tremrty, exhibit a symmetrical bilateral development, a trunk 
going to each side of the visceral mass, and there ramifying over 
these organs. That, however, on the left side sends a large 
branch along by the side of the intestine to the great ventral 
channel of the. gill; while the corresponding branch of the right 
side dies out before reaching the opposite margin of the visceral 
mass. Here, then, ceases the bilateral symmetry of the vascular 
organs; were it carried a little further, there would exist two 
ventral branchial channels; and thus a right pair of gill-plates 
might be developed, one fold being on each side of the channel; 
and in this way the respiratory organ would be exactly similar 
in all essential characters to that of a Lamellibranch. And if the 
roots of the two lateral trunks that proceed from the heart were 
dilated into auricles, the rudiments of the Lamellibranchiate 
heart would also be established. This idea of an arrest of a bi¬ 
lateral growth is somewhat strengthened by Krohn’s description, 
already quoted, of the development of Ascidia mamillota , in which 
the young at first has two distinct lateral atrial spaces and two 
lateral excurrent orifices; the spaces ultimately coalesce, as do 
also the orifices, the tendency to bilateral development termi¬ 
nating at a very early period. 

If this view of the homologies of these organs be correct, then 
the cloacal, or that which has been uniformly designated through¬ 
out this communication the ventral surface, will correspond to 
the dorsal region of the Lamellibranch; and consequently the 
opposite margin will be the ventral aspect, and the so-called 
right and left sides will have to interchange appellations. Thus 
the excurrent tube will become dorsal, and the incurrent ven- 
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tral, as they are in the Lamellibranchiata, and, without any 
great disturbance of the parts, all the viscera will assume their 
proper positions. 

Before the probability of this determination of the homological 
relations can be admitted, it is necessary to ascertain the true 
nature of the ganglion, which, as we have seen, is placed between 
the respiratory tubes. In the Polyzoa the ganglion is placed on 
the rectal aspect of the oesophagus, immediately below the mouth, 
and gives its nerves to the tentacles and to the oesophagus in 
the direction of the mouth, but none to the “ endocyst ” (man¬ 
tle) or to any other organ. Therefore it can scarcely be homo¬ 
logous with the ganglion in the Tunicata, which distributes all its 
nerves to the walls of the respiratory tubes (which are mere pro¬ 
longations of the mantle) and to the mantle itself. In the La- 
mellibranchs, however, there is a ganglion (or a pair of ganglions), 
namely the branchial, the most constant in these animals, situated 
upon the posterior adductor muscle, which, besides supplying the 
gills, gives nerves to the dorsal portions of the mantle and to the 
respiratory tubes, parts which are the undoubted homologues of 
those which receive the nerves from the ganglion in the Tunicata. 
It therefore seems impossible to avoid the conclusion that the 
ganglion in the latter is the true representative of the branchial 
ganglion in the Lamellibranchiata : ganglia supplying homologous 
parts must likewise be homologous. 

This determination of the nature of the ganglion agrees well 
with its position, which in relation to the respiratory tubes is 
almost precisely similar to that of the branchial ganglion. And 
we thus find in the nervous element a corroboration of the above 
suggestion as to the homological relation of the branchial sac. 


Notes on some Insect- and other Migrations observed in Equa¬ 
torial America. By Richard Spruce, Esq. Communicated by 
the President. 

[Read June 6, 1867.] 

Ik endeavouring to trace the distribution of plants in the Amazon 
valley, and to connect it with that of animals, I have been struck 
with the fact that there are certain grand features of the vegeta¬ 
tion, which prevail throughout Cisandme America, within the tro¬ 
pics, and even beyond the southern tropic,—features independent 
of the actual distribution of the running waters, partly also of the 



